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A water  channel  suitable  for  the  stuc^  of  hy^^ofoils  ia  discuBBed. 
It  iB  demonstrated  that  In  the  interest  of  econony  a pilot  channel 
should  be  considered  first. 

The  basis  for  the  design  of  such  a pilot  channel  is  given.  The 
factors  considered  iierej  test  section  size,  approach  contoui*,  control 
of  rate  of  flow,  and  pump  and  motor  size  required,  A method  of  con- 
struction is  presented  that  will  permit  the  geometry  to  be  altered  at 
a ninianim  of  expense. 

A test  program  is  outllnsd  that  will  produce  design  Infonnation 
necessary  to  co.nstruct  a large  water  channel  suitable  for  the  stucfy 
of  hydrofoils. 
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There  are  maiiy  questions  regarding  both  the  fundemental  theory  and  the 
technical  applications  of  hydrofoils  that  cannot  be  conrenlently  investi- 
gated except  by  e water  chazuiel.  From  a technical  stanc^wlnt,  a channel 
suitable  for  this  type  of  investigation  should  be  free  of  surface  waves, 
have  a uniform  velocity  distribution  throughout  the  test  section,  and  a 
velocity  range  capable  of  duplicating  the  Froude  number  range  anticipated 
for  the  practical  application.  It  Is  also  desirable  to  keep  the  Initial 
and  operational  costs  as  low  as  possible.  There  do  not  appear  to  be  axjy 
channels  (See  Ref.  c. ) that  meet  these  requirements,  and  ^terefore.  It 
was  decided  to  Investigate  the  design  of  such  a charnel. 

A short  study  of  the  problem  revealed  two  Important  facts.  First,  the 
cptimom  design  features  will  probably  have  to  be  determined  experimentally 
and  perhaps  involve  moiy  modifications.  Second,  the  chtimel  naist  be  quite 
large.  In  view  of  these  facts.  It  Is  (^parent  that  a direct  ^>proach 
would  be  very  expensive  and  time  consuming.  It  was  decided,  liuitead  to 
build  a pilot  channel  f^om  which  the  optimum  design  feattires  could  be 
determined  quickly  and  inexpensively.  Presented,  herein,  is  the  design 
of  such  a pilot  channel  and  the  associated  test  program. 
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2«  Test  Section  31ae: 

The  need  for  a pilot  channel  cannot  be  fully  iqipreclated  until  the 
magnitude  of  the  problem  Is  clearly  defined.  The  order  of  magnitude  can 
be  obtained  by  considering  the  else  of  the  teat  section^  since  the  other 
features  will  be  proportional  to  It.  This  section  contains  a brief  dis- 
cussion of  the  primary  factors  that  determine  the  size  of  the  full  scale 
channel. 

One  factor  influencing  the  size  of  the  test  section  i.i  the  anticipated 
operating  region  of  the  technical  application.  1.  a.  the  size  and  relocl'^ 
of  hydrofoils  that  are  of  principal  Interest.  It  was  assumed  that  the 
maximum  chord  should  be  15  ft.  and  the  maximum  relocity  $0  ft/sec.  The 
cojrreaponding  operating  region  can  be  conveniently  illustrated  by  tho 
means  of  the  Dynamic  Similitude  Chart  described  in  Ref.  ^ 

A similar  chart  has  been  prepared,  covering  the  appropriate  range  for 
this  jpplication,  nd  appears  as  Fig.  1^  In  preparing  the  chart  the  pro- 
perties of  water  at  60*  F were  used.  The  chord  of  the  hydrofoil  was 
selected  as  the  characteristic  length  in  computing  the  Froude  number  F^, 
Reynolds  number  R,  and  Webers  number  W. 

It  is  apparent  that  once  the  chord  and  velocity  are  given  that  F^,  R, 
and  W n«y  be  immediately  determined.  It  is  also  apparent  that  the 
operating  region  la  the  entire  region  belo*  line  ABC,  if  the  mSTcL’mim  size 
and  velocity  assumed  above  are  the  critoria. 

Inspection  of  Fig.  1 shows  that  it  is  not  possible  to  keep  F^j  R,  and 
W the  same  for  model  and  the  prototype.  For  the  purposes  of  comparing 
the  results  vrith  theory  or  inteiyroting  then  for  practical  design,  it  la 
most  important  that  the  Froude  numbers  be  the  same.  The  discrepancies 
in  Reynolds  snd  Webers  nuod)er  can  be  minumized  by  using  as  large  a 
model  as  possible. 
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The  maximun  velocity  and  the  depth  of  the  test  section  are  intenrelated. 
The  velocity  should  be  small  enough  that  the  finite  depth  of  the  channel 
■will  not  appi'eciably  Influence  the  test  results.  It  was  aseu'.ecl  that 
the  msDciaaun  velocity  should  be  that  corresponding  to  the  velocity  of  a 
gravity  wave  with  a wave  length  equal  to  the  depth  of  the  channel.  This 
establishes  the  maxirmun  Froude  n^jmber  to  be  equal  to  O.U,  since: 


V r . ^ 

X 5 h (condition  assumed  for  laaxiinum  velocity) 

^h  " '27?-  “ 

The  optlsBin  depth  of  the  channel  vaa  found  to  be  U ft.  This  is  a 
compromise  between  cost  of  construction  and  operation,  and  test  requirenBuita. 
On  the  one  hand,  the  depth  should  be  a mliilmum  from  the  viewpoint  of  expense, 
but,  on  the  other  hand,  it  should  be  large  enough  to  include  a reasonably 
large  pmrt  of  the  anticipated  test  region.  The  depth  selected  above  can  be 
defended  with  the  use  of  Fig,  ^ On  this  figure  the  line  EP  represents  the 
maxiiraim  velocity  (Fjj  ■ O.U)  permissible  for  a channel  of  this  depth.  In  order 
to  duplicate  the  Froude  number,  F_,  associated  with  the  operating  condition 

V 

B,  a model  with  a chord  of  .12  ft.  must  be  used.  If  the  depth  were  decreased 
an  even  smaller  model  nuat  be  used.  It  is  not  practical  to  consider  a smaller 
chord,  hence,  li  ft.  is  the  minimum  depth  that  should  be  contemplated.  It 
is  interesting  to  note  that  if  a chord  of  ft.  were  used,  the  depth  would 
have  to  be  increased  to  16  ft.  to  maintain  the  same  Froude  number.  This,  of 
course,  would  magnify  the  constnictlon  and  operating  costs  many  times,  since 
all  dimenaiona  must  be  increased  by  the  sane  proportion. 
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The  length  of  the  test  section  ehould  be  16  ft.  Thla  distance  was 
determined  in  teo  parts,  in  the  foUoidng  manner i 

The  first  pax^  is  to  enable  two  bQrdrofoils  to  be  tested  In  tandem, 
with  a spacing  of  half  a ware  length.  Since  the  maylaaai  ware  length  is 
to  be  equal  to  the  depth  of  the  channel,  the  space  required  is  2 ft. 

The  second  part  la  to  Insure  that  the  flow  around  tha  foil  Is  not 
disturbed  bT  obstructions  downstream  from  the  foil.  A distance  of  four 
waro  lengths  (l6  ft)  is  required  for  this  purpose. 

The  width  of  the  test  section  should  be  6 ft.  Thla  is  to  insure  that 
in  the  tests  of  foils  with  finite  span,  the  waves  formed  at  the  tip  will 
not  be  disturbed  by  the  opposite  wall  within  a distance  of  thinse  wave 
lengths  downstream  of  the  foil*  It  is  expected  that  the  maximum  finite 
span  will  be  2 ft.  The  angle  which  the  tip  wave  formation  makes  with 
the  axis  of  the  channel  1s  approximately  19®  aee  Ref.  e^  Hence,  the 
width  required  is; 

2 f (3)  (It)  tan  19’  a 6 ft. 

The  anticipated  size  of  the  full  scale  water  channel  is,  therefore, 
li  feet  deep,  6 feet  wide,  and  18  feet  long.  A c»nrenlent  size  for  the 
pilot  channel  is  one-sixth  this  size.  It  will  then  have  a test  section 
8 inches  deep,  12  inches  wide,  and  35  Inches  long. 

3.  Pilot  Channel  Calculations t 

The  size  of  the  test  section  influences  the  design  of  the  remainder 
of  the  channel.  The  other  eleraents  comprising  the  channel  arej  plenum 
chamber,  approach,  weir,  reseinroir,  and  return.  Each  of  these  elements 
will  be  discussed  in  this  section.  It  should  be  pointed  out  that  the 
dimensions  used  are  not  considered  to  be  Ideal  but  will  themselves  be 
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aubjeot  to  InreBtlgatlaa.  In  general  they  eere  nade  as  large  aa  coo- 
aldBi*od  practical  with  the  intention  of  reducing  thea  aa  much  aa  poaelble 
by  experimental  Investigation. 

The  aiae  of  the  plenun  chamber  depends  upon  the  velocity  (or  area) 
ratio,  R,  between  the  plenun  chamber  and  the  teat  section,  and  the 
length  required  to  control  turbulence  and  velocity  distribution.  A 
ratio,  R,  of  8 waa  selected.  Since  the  test  section,  cros»-aectlan  area 
la  96  sq.  in.,  the  airea  of  the  planum  chamber  muat  be  768  sq.  in.  Al- 
though it  would  be  desirable  in  mazy  w^  to  vazy  only  the  width  or  the 
depth,  this  WC.S  not  dona  since  the  resulting  dimensions  mre  excessive. 

A compromise  of  2k  inches  deep  and  }2  inches  wide  was  finally  used.  The 
length  required  to  control  the  flow  was  estimated  to  bo  2U  inches. 

The  ^prosch  csist  connect  the  plenum  chamber  to  the  test  section  in 
such  a manner  as  to  keep  the  surface  waves  to  a minimum.  No  adequate 
procedure  is  available  to  deteredjoe  in  advance  the  oz*oas-aectional  area 
distribution  required  to  produce  this  result.  It  appeazv  reasonable  to 
asaunie  that  the  disturbance  t-o  the  surface  would  be  worse  where  the 
acceleration  and  velocity  of  the  fluid  were  large, 

Thez^sfez^,  it  was  decided  to  design  the  approach  so  that  the 
acceleration  is  large  whei^  the  yelocity  is  small  and  so  that  the 
acceleration  approaches  zero  as  the  velocity  approaches  the  naxisum 
velocity,  rnla  may  be  accomplished  by  defiziing  the  flow  in  toms 
of  the  acceleratioh  diagrani  c~  sketched  below. 


I 


I 
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D * leng'ch  of  approach 

a 8 acceleration 

V » 7p  (Velocity  at  entrance)  9 !■  0 

V = Vt  (Velocity  at  exit)  0 X=  D 

The  required  distribution  of  croas-aectional  area  was  found  as  follows. 
It  was  asemsed  that  the  Telocity  was  a function  only  of  the  distance,  X, 
along  the  approach.  Then  the  acceleration  is  given  by:» 


The  velocity  distribution  satisfying  the  acceleration  diagram  can  be 
readily  obtained.  From  this  the  acquired  areas  are  found  ly  the  application 
of  the  requirement  of  continuity.  The  final  results  arej 

= 2(R-1)X^1 

-TTir 


s r'  -1  (X-D)'  ' R E — X — D 

_ ■ cross-sectional  area  at  the  entrance 

Where  P 


Those  equations  were  solved  for  several  cases  and  the  results  are 
given  in  table  3^  From  the  previous  discussion  of  the  plenum  chamber 
R and  Ap  are  alrea.y  established  as  6 and  jSG  sq.  in,  respectively.  A 
length  D of  60  inches  was  chosen  as  boirig  the  practical  maximum.  These 
cases  were  calculated  using  different  values  of  E,  namely,  0,  30,  and 
60  inches. 

The  width  of  the  approach  must  be  32  inches  at  the  entrance  and  12 
Inches  at  the  exit.  Ln  the  interest  of  simplicity  of  constniction  and  of 
smooth  flow,  it  is  desirable  to  keep  the  vrldth  constant  for  as  great  a 


Report  t HR  - 6 


Page  -7’* 

COHFIDEOTIAL 


length  as  possible.  A 12  inch  width  tju©-  be  naintained  for  the  last  UO 
inches,  since  moet  of  the  change  in  cross-sectional  area  occ\irs  in  the 
first  20  inches,  note  tabic  ^ 

A cuznre,  quadratic  in  fom,  was  fitted  to  the  initial  portion  of  the 
approach.  The  resulting  equation  for  the  width,  '.7,  Wi»sj 
T7ax^~2xt  32  0-^x  —20 

W - 12  20”-"  X — 60 

The  width  distribution  is  sketched  below. 




[*-20'^-^ — - ‘^0" — 


i 

(2 

T 


The  depth,  h,  at  any  station,  can  now  be  found  b/  sinply  dividing  the 
area  required  by  the  width.  This  was  done  for  the  three  different  area 
distributions  previously  calculated.  Unfortunately  very  steep  slopes 
wore  required  at  tho  entriuice  and  also  a re'/eirsed  curvatui^,  i.e.  a 
hunp  near  the  entrance.  Fortunately,  this  was  cenfined  to  the  initial 
20  inches  of  the  approach.  Since  this  region  violates  tho  assumption 
that  the  velocity  is  only  a iXinction  of  the  distance  along  the  approach, 
rather  seriously  this  portion  was  mo'iified  hy  using  a smooth  curve.  Two 
cases  were  calculated  and  are  given  below. 

For  E = 0 h - ,022975x"-  1.1265jc  * 2li 
E = 60  h - ,009$7$x''-  .709x  2h 
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The  acceleratioM  arc  altered  In  this  region  and  were  calctilated  friTn; 
V < 

] 

“I 


A 

P P 


a = 7 dv  « - 7^ 

^ P P 

The  final  results  are  shown  In  Fig.  ^ On  this  figure  are  shonr*  the 
depth  distribution  and  the  associated  acceleration  diagram. 

The  ireir  is  required  to  control  the  depth  of  flow  in  the  test  section. 
Its  characteristics  were  calculated  and  the  results  are  giren  by  Fig,  3» 
This  figure  shows  both  the  quantity  of  flow  and  velocity  as  a function 
of  the  depth  of  flow  in  the  test  section  with  the  hlghth  of  the  weir  as 
a parameter. 

Their  are  many  weir  fomulas  presented  in  the  literature  on  this  sub- 
ject. The  "King  Formula",  Ref.  d,  was  used  in  these  calculations  since 
it  is  an  empirical  equation  based  upon  the  results  of  several  experimental 
Investlgatora. 

Q = Quantity  of  Flow 
W = iTldth  of  Channel 


Using  the  nomenclature  given  above,  the  King  Formula  may  be  writton,- 


3.3U  a h 


/.V 


1 + 0.$6 


TIT 


In  these  calculations,  the  width  was  ono  foot.  Therefore,  the  average 
velocity  in  the  test  section  becomes, - 

\ - i- 
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Also  Bhown  in  Fig,  ^ are  V^j.  and  which  are  the  velocity  and  quantity 
of  flow  coiTespondlnc  to  a gravity  surface  wave  of  length  equal  to  the  depth 
of  the  channel.  These  were  calculated  from  the  following  equations.- 

. c'ht  » 2.26  ."Tt 

\Tir 

%e  * Ver  X ht  ■ 2.26  h^'i 

The  reservoir  should  be  large  enough  to  prevent  excessive  fluctuaticais 
in  the  level  of  the  water  in  the  reservoir,  for  the  range  of  velocities 
contenplated.  In  the  extreme  case,  the  level  should  not  get  so  low  as  to 
suck  air  into  the  flow.  A reservoir  the  size  of  the  plonun  chmber  (2U"  x 
2U"  X 32")  should  prove  satisfactory.  Thi?  will  make  the  change  in  level 
in  the  reservoir  about  twice  the  change  In  level  in  the  plenum  chamber,  a 
change  in  depth  of  a few  inches. 

The  return  is  about  12  ft,  long  and  must  include  a throttling  valve  and 
a punp  and  motor.  The  vsdvc  is  necessary  to  control  the  quantity  of  flow 
in  the  test  section.  A centrifugal  pump  capable  of  delivering  600  g.p.m. 
against  a head  of  20  ft.  should  prove  satisfactory. 

To  make  certa'ji  that  the  punp  cannot  overload  the  motor,  a 5 horsepower 
electric  motor  should  be  installod. 

The  size  of  the  punp  was  estimated  in  the  following  manner.  First  the 
critical  quantity  of  flow,  i.e.  Fjj  ” O.U  and  h^  « 6 in.,  was  calculated  and 
found  to  be  approximately  ^$0  g.p.m.  Then  the  head  losses  were  determined 
for  several  pipe  sixes.  There  may  be  considerable  error,  since  most  of  the 
losses  are  due  to  entrance,  exit,  elbows,  and  discontinuities,  all  of  wlaich 
aro  difficult  to  find  exactly.  For  a six  inch  diameter  pipe,  a total  head 
of  about  3 ft.  was  found.  Therefore,  a pump  selected  above  should  not 
only  meet  the  design  conditions,  but  should 
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be  capable  of  providing  flows  conaiderably  in  excess  of  the  design  con- 
ditions, This  is  particularly  desirable  so  that  the  maxlnaun  velocity  for 
which  smooth  flow  occurs  may  be  investigated. 

U.  Pilot  Channel  Design: 

It  is  in^rtant  that  the  pilot  channel  be  easy  to  modify,  since,  the 
purpose  of  the  pilot  channel  is  to  obtain  design  information  for  a full 
scale  channel  by  experimental  means. 

For  this  reanon  wood  is  used  in  tl:e  construction  wherever  possible. 
Further,  the  method  of  construction  permits  changes  to  be  made  to  the 
depth  distributicn  in  the  approacli,  the  slope  of  the  test  section  bottom, 
and  the  length  of  the  approach  und  tost  section  with  little  difficulty. 

The  general  features  of  the  design  are  shown  schematically  in  Fig,  It, 

The  framework  consists  of  heavy  wooden  members,  see  Ref.  a.  To  this 
are  attached  the  plenum  chamber  and  the  side  walls  of  the  approach  and  test 
section.  The  reservoir  is  a boot  complete  in  itself,  so  that  it  m*y  be 
moved  if  a shorter  channel  is  desired. 

The  side  walls  are  made  of  Philippine  mahogoney  plywood  because  it  can 
be  easily  finished  to  a smooth  surface.  Attachment  screws  are  countersuiJc 
and  plugs  used  to  preserve  the  smooth  surface.  Horizontal  I'eference  lines 
are  drawn  the  entire  length  of  the  test  section  with  a vertical  spacing  of 
one-half  inch.  The  8\irface  is  painted  a color  that  will  contrast  well 
with  the  water  surface. 

The  bottom  of  the  approach  and  test  section  consists  of  t*vo  parts  and 
they  are  not  integral  with  the  side  walls.  The  bottom  of  the  tost  section 
is  flat  and  smooth.  It  is  made  to  fit  the  side  walls  snugly  and  la  supported 
in  such  a manner  that  its  slope  may  be  changed.  The  bcttcni  of  the  approach 
consists  of  a framework  built  up  to  the  proper  contour  and  covered  by  ply- 
wood. It  also  fits  the  aide  wsills  snugly  and  is  supported  by  the  fraroework. 
The  small  gap  botwoon  tho  oldo  walls  and  the  bottom  is  sealed  by  a suitable 
filler. 


{ 
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The  weir  is  slaply  a rectan^palar  plate  with  a sharp  edge  on  the  top. 
ftrovision  is  made  for  adjusting  the  bighth  of  the  weir. 

The  return  contains  a valvo,  pump,  and  motor.  A centrifugal  pun?) 
with  a capacity  of  600  g.p.m.  at  a head  of  20  ft.  is  used.  A splash 
proof  5 horsepower  electric  motor  is  employed  to  drive  the  pump. 

5.  Test  Program 

The  entire  test  progran  cannot  be  specified  in  advance  due  to  the  nature 
of  the  tests.  At  best,  onl^’  the  initial  series  of  tests  can  be  specified 
now,  and  a general  outline  given  for  the  remaining  tests. 

The  first  group  of  tests  will  be  with  the  bottom  of  the  test  section 
horizontal  and  an  approach  I on  of  t/pe  E = 0 nod.,,  see  Fig.  ^ Several 
rates  of  flow  will  be  investigated  for  several  depths  of  the  flovf  in  the 
test  section.  Velocity  distribution  will  be  obtained  in  the  plenum  chamber 
and  the  test  section  for  each  run.  In  addition  surface  waves  will  be 
observed  visually.  In  each  instance  the  maxintum  velocity  at  which  surface 
disturbances  becoias  serious  will  be  given  special  attention. 

After  this  an  attempt  will  be  made  to  improve  the  chara«;ter  of  the  flow 
by  the  use  of  resistances,  such  as  screens,  in  the  flow.  Then  the  effect 
of  the  slops  of  tlie  test  section  bottom  will  be  studied.  The  best  arrajige- 


be  determined. 

The  next  step  will  depend  upon  the  results  alreac^  obtained.  If  the 
flow  is  not  satisfactory,  probably  the  approach  bottom  will  be  modified 
until  good  flow  characteristics  are  obtained.  If  this  is  not  successful 
the  width  distribution  may  be  changed. 
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After  a good  flow  haa  been  obtained,  conaiieration  will  be  given  to 
makixm  the  channel  shorter.  The  channel  will  be  mads  ae  short  es  possible, 
and  the  above  procedure  repeated  in  an  effort  to  again  obtain  good  flow 
characteristics* 
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SECTIOk'AL  areas  required  in  the  approach 
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THE  HIEROPOIL  CCHPORATION 
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